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Some of the arguments in favor of the intranuclear localization of the herpes 
simplex virus have recently been reviewed (1).  In that paper it was pointed 
out that the virus appeared to follow a  developmental cycle which was sim- 
ilar to that of the bacteriophage and several animal viruses; and that during 
the first 10 hours of its intraceUular development, a  series of histologic changes 
occurred  in the nucleus. Francis and Kurtz  (2),  and Ackermann and Kurtz 
(3) observed that there was no apparent association of the herpes virus with 
the  nuclei when  livers of  infected  chick  embryos  were  fractionated.  These 
workers studied the embryos 4 and 3 days after infection respectively. It seemed 
possible  that  by  studying cell  fractions of  infected livers  at  shorter  inter- 
vals after inoculation of virus, different results might be obtained. 
Materials and Methods 
Preparation of Virus.--Nine-day embryos were inoculated v/a the yolk sac with a suspen 
sion of infected chorioallantoic membrane (CAM) from the 229th passage of the HF strain 
of herpes simplex virus. Incubation was at 36°C. All eggs dying within 48 hours were dis- 
carded and from those recently dead or moribund after  that time, the yolk sacs were har- 
vested. After removing most of the yolk the sacs were weighed, a 20 per cent suspension made 
in phosphate buffered water at pH 7.0, and the suspension blended in a chilled Waring blendor 
for 3 minutes. The blended material was immediately placed in small tubes with rubber 
stoppers and frozen. Once or twice a month, passages were made by diluting the blended 
yolk sacs, after thawing, in the standard gelatin-saline diluent and following the above pro- 
cedure. Dilutions were adjusted so that death of the embryos would occur between 48 to 72 
hours after inoculation. The LDs0 was calculated at regular intervals and ranged from 105'0 
to 10  °'5. The second to the eleventh passages were used as inocula in the experiments to be 
reported. 
T/ssues.--Groups  of 24 or more 10 to 12 day embryos were inoculated n/a the yolk sac 
with 0.5 to 1 ml. of 10  -1 or 10  -~ dilutions of infected yolk sac material FoLlowing  incubation 
of a  predetermined length  the living embryos were removed, decapitated,  and allowed to 
bleed for 5 to 10 minutes. The livers were removed and fractionated. 
Fraaionation.--Three methods were employed. 
* This study was made under a grant-in-aid from the United States Public Health Service. 
:~ Public Health Service Postdoctorate Research FeLlow. 
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(a)  Fraaionation in 0.88 ~  Sucrose. This method was described by Hogeboom et al.  (4), 
and used by Francis and Kurtz (2) and was followed with minor modifications for most of 
our observations. The speed of centrlfugation used by them to separate the mitochondria was 
found by us to sediment over 50 per cent of the free virus, and therefore,  our reported fred- 
hags will be concerned with the virus associated with the nuclear fraction only. 
(b) Fraaionation in Sucrose Solution of Varying Specific Gravities.--The method of Wilbur 
and Anderson (5) was followed exactly for 2 experiments. This method was designed to sepa- 
rate the nuclei cleanly from the cytoplasmic fraction although the yield of nuclei is low. 
(c) Fractionation in 0.25 ~  Sucrose.--This  method as described by Schneider and Hoge- 
boom (6) was used for 2 of the later experiments. 
T/ltat/ons.BThe standard diluent used for titrations was 0.2 ~x phosphate buffered phys- 
iological saline containing  0.5 per cent gelatin. Penicillin  and streptomycin were  added to 
final concentrations  of 500 units and 100 #g. per ml. respectively.  Ten-fold dilutions were 
made and inoculated onto the chorioallantoic  membranes  of 12 or 13 day embryonated eggs 
which had been prepared by the false air sac technique  (7). Four eggs were used per dilution, 
and each egg received 0.05 ml. of material. The eggs were  further incubated for 42 to 48 
hours at 36°C. The membranes were removed, placed in 1 per cent formalin and the pocks 
enumerated.  Averages were taken and all calculations were equilibrated as described in the 
text. 
A few additional technical details are described in the text. 
EXPERIM~ENTAL  RESULTS 
Growth Curve in Livers.--Two  experiments were first done to determine the 
growth pattern of herpes in embryo livers when the eggs were infected via the 
yolk sac. 
Following inoculation, groups of 12 eggs were incubated in the standard manner for pre- 
determined periods of time. The livers were then removed from each set of embryos, placed 
in cold 0.25 ~  sucrose solution, washed once in a change of sucrose, drained on filter paper, 
and weighed. The weighed livers were ground with alundum in a mortar and suspended to 
20 per cent in sucrose solution. Following darification at 700 g for 10 minutes, the supernates 
were titrated. 
The amounts of infectious virus recoverable from each set of livers are shown 
graphically in Fig. 1.  It will be observed that despite the close approximation 
of the  amounts  of inoculated virus  the  timing of the  disappearance of seed 
virus and the reappearance of liver-grown virus varied widely in the two experi- 
ments.  However,  it  can  also  be  observed  that  the  growth  curve  pattern  is 
essentially the same as that determined on the chorioallantoic membrane  (8), 
and on rabbit corneal cells (1). Because of the variation in the time taken for 
the virus to get from the yolk sac to the liver it follows that ff several groups 
of eggs are examined at a  given time interval after inoculation, the amount of 
infectious virus recovered from each may vary considerably. This fact has to 
be taken into consideration in the interpretation of the results of the experi- 
ments to be described. 
Adsorption of Virus to Nudei.--Before it was possible to interpret any asso- 
ciation of virus with the nuclear fraction in infected livers, it was essential to ALAN  GRAY  AND  T,  :P.  McNAIR  SCOTT  475 
find  out how much adsorption  of free  virus  took place onto isolated  nuclei. 
Francis and Kurtz (2) had demonstrated that  in their  hands chick  embryo 
liver  nuclei  did not specifically  adsorb herpes  simplex  virus,  and we were able 
to confirm  this  by two sets  of experiments. 
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FzG. 1. Growth curves in liver following yolk sac inoculation at time 0. Each point repre- 
sents the titer of a pool of 12 livers. 
In the first, normal chick embryo livers were homogenized in 0.25 M sucrose and divided 
into two equal portions. To each portion was added a known concentration of virus derived 
from infected  chorioal]antoic  membrane.  After incubation at 4°C.  for 30 minutes with oc- 
casional shaking, an aliquot was removed from each and fitrated. The nuclei were then sedi- 
mented  by  centrifugation  for  10  minutes  at  300  g.  The  sediment,  which contained  nuclei 
together with some whole cells and debris was washed three times in 0.25 M sucrose and re- 
suspended to the original volume. The amount of virus remaining in each sediment was then 476  INTRACELLULAR  LOCALIZATION  OF HERPES  SIMPLEX 
determined by  titration of this suspension. In  a  second experiment, isolated nuclei were 
washed 3 times in sucrose and resuspended in sucrose. To this suspension was added a known 
concentration of virus derived from infected chorioallantoic membrane. As a control, a similar 
concentration of virus was added to an amount of sucrose equal in volume to the suspension 
of nuclei. After 21 hours' incubation at 4°C., each tube was centrifuged at 300 g for 10 minutes, 
to sediment the nuclei, and the supemates titrated. 
The results of both these sets of experiments, as recorded in Table I, demon- 
strate that insignificant amounts of virus are selectively adsorbed by the nuclei 
under these circumstances. 
Intracdlular  Localization of Virus.--Isolation of the nuclei was performed in 
three ways as described in Materials  and Methods.  The amount of virus in 
the homogenate was measured by titration on the chorioallantoic membrane, 
and referred to as the number of infectious units in 1.0 ml. using the standard 
technique  (7).  Because  the  three  procedures  used  for  fractionation  of  cells 
TABLE I 
Adsorption  of Virus by Nuclei  Isolated from Infecte,  d Chick Embryo Li~ers 
[nocuium A 
[noculum B 
Homogenate 
LU.*ImL 
9.8  X  10  e 
..  1.7  X  10  5 
Experiment  1  Experiment  2 
Amount 
Washed sed.  remaining  I.U. in nuclear 
in the  supernate 
sediment 
f.U.Iml,  per cent 
4.0 ×  10  s  0.04  9.0 ×  10  ~ 
2.0 X  I01  0.01 
I.U. in control 
supernate 
4.6 X  10  ~ 
* Infectious  units. 
prescribed different methods of resuspending the isolated nuclei, and in addi- 
tion each method involved loss of nuclei in differing amounts,  the following 
formula was devised to make the amount of virus found in the nuclei by each 
method comparable to the others and to that in the homogenate. 
D 
Final infectious uuits/ml, of nuclear suspension -- S X  ~" X  L in which: 
S  =  number of infectious units actually measured per milliliter of nuclear suspension. 
C  -=  concentration factor derived from measurement of volume of  nuclear sediment as 
compared with volume of homogenate. 
D  ,=  dilution factor required to provide the final  concentration of nuclei prescribed by 
the method used. 
L =  factor  of loss based on the per cent recovery  of nuclei following the procedures. This 
factor which was derived from actual counts of nuclei and on measurements of nuclear sedi- 
ment before and after purification, varied with the different procedures as follows: 0.$8  - 
sucrose L --- 10; Wilbur and Anderson L =  20; 0.25 u sucrose L =  7. 
Results are recorded in Table H  and Fig. 2.  In Table II the percentage of 
total homogenate virus recovered in the nuclear fraction is arranged according TABLE II 
Infectious Units of Virus Recovered per Milliliter of Homogenale  from Total Liver Homogenate 
and from Nuclear Fraction 
Time  after  inoculation,  hrs. 
Experiment 
6  8  10  12  18  36 
1  T$  ............ 
N  ~  ............ 
N/T, per cent*. 
2  T  ............. 
N  ............. 
N/T, per cent.. 
3  T  ............ 
N  ............ 
N/T, per cent.. 
4  T  ............ 
N  ............ 
N/T, per er~. 
5  T  ............ 
N  ............ 
N/T, per cenL. 
6  T  ............ 
N  ............. 
N/T, per cent... 
7  T  ............. 
N  ............. 
N/T, per cent.. 
8  T  ............. 
N  ............. 
N/T, per cent.. 
9  T  ............ 
N  ............ 
N/T, per cent. 
10 T ............ 
N  ............ 
N/T, per cent.. 
1!  T ............ 
N  ............ 
NI% percent. 
12  T ............. 
N  ............. 
N/T, per cent... 
Average  per  cent 
with  nuclear 
fraction ......... 
2.0 X  101 
2.4 X  10  ~ 
12oo5 
1.6 X  10: 
3.6 X  10: 
2255 
100 
2.2X  10  a 
8.3×  10  a 
3775 
8.0 X  104 
3.8X  108 
5 
6.0 X  101 
6.0 X  10: 
100 
2.0X  104 
1.2X  I~ 
60 
66 
3.6 X 104 
1.5X  10: 
4 
8.0 X  10  ~ 
6.0X  10  ~ 
75 
3.0 X  10  s 
8.6X  10  ~ 
29 
2.0 X  10  ~ 
4.0 X  10  I 
20 
32 
1.2X  104 
4.0 X  10s 
33 
1.0X  106 
5.0X  10  ~ 
5 
2.1 X  10~ 
1.5X  10  ~ 
7 
3.6X  105 
5.0 X  10  ~ 
14 
15 
8.4 X  106 
6.0 X  104 
0.7 
1.2X  10  s 
8.0 X  104 
0.06 
5.6 ×  I0  7 
2.1 X  I0  i 
0.4 
0.4 
7.2X  10  ~ 
1.1X  10  ~ 
0.05 
0.05 
* T  =  Total  homogenate I.U./ml.; N  -  nuclear fraction I.U./ml.; N/T,  per cent  -- 
percentage of virus in nuclear fraction. 
5 Taken as I00 per cent. 
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to the time after inoculation of the yolk sac that the livers were examined. It 
can be seen that from the 6th to the 12th hour the proportion of virus attached 
to the nuclei decreases from 100 to 15 per cent while after this time the propor- 
tion drops to a negligible amount. It is noted that the amount of virus in the 
nuclear fractions remains more or less constant despite an increasing infection 
time. The decrease in the proportion of nuclear virus to total virus must be 
due to an increase in the non-nuclear or free virus. 
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FIG. 2. Per cent of total virus recovered in nuclear fraction at three different levels of 
total virus. 
Since the time varies in different eggs between the inoculation of the yolk 
sac, and the reappearance of infectious virus from the liver as mentioned earlier, 
it was thought that this variation might be overcome by tabulating the results 
in reference to the number of infectious units per milliliter of homogenate, in 
which case the lower the titer of virus the earlier in the cycle it would be. As 
seen in Fig. 2, a large proportion of the total virus is associated with the nuclear 
fraction when the level of total virus is low, but the proportion associated with 
this fraction becomes progressively less as the titer of virus in the homogenate 
rises. 
Effect of Molar Sodium Chloride on Nuclear Virus.--Since  it is known that 
nucleoprotein can be released from nuclei by exposure to molar sodium chlo- ALAN  GRAY AND  T. Y.  McNAIR  SCOTT  479 
ride  (9),  the possibility  of demonstrating  the presence  of herpes  virus  in  the 
isolated nuclei by  this means  was  investigated. 
In  preliminary  experiments  two  points  were  investigated.  One  concerned 
the possible detrimental  effect of this high concentration  of salt on the herpes 
virus and the second the effect of the rapid decrease in osmotic pressure caused 
by changing  from x~ NaC1  to physiological NaC1.  Several experiments  clearly 
TABLE HI 
Effect of Sudden  Decrease in Osmotic Concentratlon on Viability of Virus 
Interval following dilution and  titration, 
Dilution in ~  NaC1 .................... 
Dilution in gelatin-saline ............... 
Dilution in distilled H20 ................ 
0 
6.4 X  106* 
1.6X  l0  T 
1.8X  107 
Experiment 
2~ 
20 
6 X  105 
5.6X  107 
1.1X  107 
0 
1.2X  107 
1.8×  107 
6.1  X  107 
* Infectious units/aft, of suspension. 
:~ A lethal effect due to M NaCI which appears in this experiment was not found in further 
experiments. 
demonstrated the absence of any degradation of virus after exposure to M NaCl 
for as long as 60 minutes.  The  second  point  was  investigated  as  follows. 
Heavily infected chorioailantoic membranes were suspended  to  10  per cent  in gelatin- 
saline and, following centrifugafion at 700 g for 15 minutes, the supernates were centrifuged 
at  78,000  g in a  Spinco centrifuge for 30 minutes.  The supernates were discarded  and  the 
sediments were resuspended  to the original volumes in u  NaC1.  The suspension was again 
centrifuged at 700 g for 15 minutes to remove any unsuspended  clumps. The superuate was 
then divided into several portions. To the first portion as control was added  6 volumes of 
u  NaC1.  To the second portion was added 6 volumes of gelatin-saline. To the third portion 
was added 6 volumes of distilled water. The resultant mixtures were titrated. The dilutions 
of the first mixture were made in x~ NaCI, while those of the other two were made in gelatin- 
saline. 
Table  III  shows  the  results  of  three  such  experiments.  From  these  data  it 
has been concluded that osmotic shock does not occur when the virus in M NaCI 
is rapidly diluted  to a  lesser osmotic concentration. 
The possible release of virus from the isolated nuclei was studied as follows. 
The nuclei were separated in 0.88 •  or 0.25 ~  sucrose as described and resuspended in the 
appropriate  sucrose solution.  This suspension was titrated  for measurement of total virus 
in the nuclear fraction. Free virus was measured by fitrating the superuate after resedimenta- 
tion of the nuclei. The difference between these two titrations represented the virus recover- 
able from  the  "intact" nuclei.  After decanting  the  superuate  the sedimented nuclei were 
resuspended in ~  NaC1 for 20 minutes or longer. Room temperature was used for the shorter 480  INTRACELLULAR LOCALIZATION OF  HERPES SIMPLEX 
times and 4°C. for the longer.  At the end of this  exposure to M NaCI the suspension  was 
recentfifuged and the superuate decanted and titrated  for virus.  Such a supernate would 
contain  in  effect  free  virus  that  had escaped the  first  washing together  with any virus  released 
from the nuclei.  In a number of experiments the ~r  NaCI sediment was again resuspended in 
v/2 NaCI and the process  repeated. Finally  the sediment from the second or third  wash 
respectively  was suspended in gelatin-saline  and titrated  for virus  remaining in the nuclear 
debris. 
Table IV gives the results of one experiment  in which the specificity of the 
action of hypertonic NaCl  was tested. A  suspension of infected nuclei was di- 
TABLE  IV 
Action on the Infected Nuclei of Hypertonic NaCI Compared to That of Isotonic NaC1 
Hypertonlc  Isotonic 
I.U.* in nuclear suspension  2.4 X  l0  s 
I.U. in sucrose wash  5.0 X  104 
I.U. in untreated nuclei  2.3 X  104 
I.U. released by M NaC1  2.0 X  10  e 
I.U. released by ~t/2 NaC1  3.4 X  104 
I.U.  released  by  hypertonic  2.3 X  106 
NaCI 
I.U. released 
I.U. in nuclei ' per cent  958 
I.U. in unwashed sediment  5.5 X  104 
1.6 X  l0  s  I.U. in nuclear suspension 
8.7 ×  104  I.U. in sucrose wash 
1.5 X  l0  s  I.U. in untreated nuclei 
5.5 X  10  4  I.U. released by 0.15 ~r NaC1 
4.3 X  10  4  I.U. released by 0.15 M NaC1 
9.8 X  104  I.U.  released  by  isotonic 
NaC1 
LU. released 
61  .  ., per ¢~ 
I.U. m  nuclet 
6.6 X  104  I.U. in unwashed  sediment 
*  Infectious  units/ml. 
vided  into  two  portions.  One  portion  was  treated  as  described above  with 
~r  and  ~r/2  NaCl.  The  other portion  underwent  the  same  procedure  except 
that isotonic NaC1 was used instead of the hypertonic salts. The results show 
that  treatment  with hypertonic NaC1  released  15  times as much  virus from 
the nuclei as did treatment  with isotonic NaCl.  Microscopic examination of 
the nuclear sediment after exposure to ~  NaC1 revealed very few nuclei intact. 
Table V  shows  the results obtained in nine experiments in which  infected 
nuclei  were  treated  with  hypertonic  saline.  The  following  points  deserve 
comment: (a) in every experiment more virus was recovered from the ~  NaC1 
supernate than from the sucrose supernate. This would seem to indicate that, 
since less free virus would be expected in a  second wash than in a  first, virus 
was actually being released from  within the nuclei;  (b)  in 4  of the  5  experi- ALAN  GRAY  AND  T. 1~'.  MCNAIR  SCOTT  481 
ments in which half molar solution was used in addition to the molar solution, 
as much virus was found in the second supernate as in the first, indicating in- 
TABLE  V 
ResuLts of Experiments  to  Determine  Release of Intranudear  Virus  by  Treatment  wi~ 
Molar  and  Half Molar  NaCI 
Experiment ....  I  2  3  4  5  6  7  8  9 
Time following 
infection hrs.  8  8  10  12  12  12  18  18  18 
A 
I.U.*  in  nuclear 
suspension...  2.0 X  10  ~  6.0 X  102 
B 
I.U.  in  sucrose 
wash  (free 
virus)  2.0  X I01 
C 
I.U. in un. 
treated  nuclei 
(A  --B) ......  1.8  X  10:  6.0X  102 
D 
I.U. released  by 
K  NaC1 .....  2.0X  10:  2.4X  107 
E 
I.U. released by 
M/2 NaCl ....  2.4 X  10: 
F 
I.U. released by 
hypertonic 
NaC1 
(D +  E)  4.4X1(~  2.4 X  10: 
I.U. released 
I.U. in nuclei' 
P  ~e, cent  =  :XlOO 
c 
244  400 
I.U.  in  un- 
washed sedi- 
ment .........  2.0 X  1~  6.0 X  10: 
4.0X10 ~  1.8X102  1.0XI041?.2X10J 
0  2.0XI0  t  2.0X  10  ~  5.6X10~ 
4.0X  101  1.6X  102  1.0X  104  1.6X10 z 
6.0X104  2.1X10 s  2.0X10'  1.0Xlo` 
6.0X  lo`  7.0X  104  1.0X  10 
6.6X  lo`  2.0X104  8.0X10 
5.9  X  106  5.0X  10~  9.9X  10 
2.7X  10'  2.0X  10~  1.8X  10 
$  <1.0  X  10  t  2.4 X  102  I  $  >4.4  X  10'  1.4 X  10  ~ 
6.0X  104  4.5  X102  2.0X  lo`  1.0X  IO`  7.1X  104  3.4X  10~  1.8X  10 
15,000  281  20  625  12  680  182 
6.0  X  IO`  1.5  X10 ~  4.0X  lo`  $  6.6X  I0:  7.5  X  IO`  9.0  X1O 
* Infectious units./ml. 
t Not done. 
complete release of virus by the original exposure to M NaCI; (c) in all but 2 
of 9  experiments, more virus was found in  the hypertonic NaC1  supemates 
than in the nuclear suspension. In one of the two exceptions (Experiment 7) 
the end-point was not reached in the u/2 NaC1  release, and therefore, the re- 
leased total would have been higher, and in the other (Experiment 5)  the M/2 482  INTRACELLULAR  LOCALIZATION  OF HERPES  SIMPLEX 
NaC1 release was omitted; (d) in Experiment 3 in which almost complete re- 
lease of virus was achieved by exposure to ~ NaC1 and in which the extraction 
was done soon after reappearance  of virus, as judged by the low titer of the 
untreated nuclear suspension, 150 times as much virus was found in the ~ NaC1 
supernate  as  in untreated nuclei.  Under  these  favorable  circumstances  the 
most impressive  evidence for release  of virus was  obtained;  (e)  measurable 
quantities of virus were present in the resuspended  nuclear debris.  In 4 of 8 
experiments  these amounts actually exceeded the total virus found in the un- 
treated nuclear suspension.  This may be  explained  on  the basis  that these 
sediments  were not washed before being titrated, and therefore,  it would be 
expected that nuclear debris would carry down variable quantities of the "re- 
leased" virus present in the supernate. 
DISCUSSION 
The  experiments  reported have  shown  that  significant  amounts of virus 
can be recovered from the isolated nuclear fraction of infected liver cells when 
the tissue is examined in an early stage after infection. It is further shown that 
"free" virus, i.e. non-nuclear fraction virus, increases with time after infection 
so that the proportion of nuclear virus to the total virus decreases. It, there- 
fore, appears that the dynamics of virus multiplication must be an important 
consideration  in investigating intracellular relationships  of the virus. Previous 
workers (1, 10, 11) have indicated that soon after infection of a cell with herpes 
simplex the inclusion body appears to develop in the nucleus in stages and that 
histochemically,  these early inclusions contain nucleoprotein  which would be 
consistent with the presence of virus, whereas the late inclusions, typical type 
A, contain no nucleoprotein and therefore presumably no virus. Growth studies 
correlated  with nuclear changes (1) show that at about the time virus can be 
found free in its environment, the typical shrunken inclusion body can also 
be found. Using these criteria,  it is clear that the results here agree with those 
of previous workers (2, 3) in finding a negative association of nuclear fraction 
with virus when the cells are fractionated at a time when non-nucleoprotein- 
containing inclusions are predominant; that is  to say at 18 hours or longer 
after inoculation  of virus. However, when the cells are examined earlier, when 
nucleoprotein-containing inclusions are present,  there is an inverse  relation- 
ship between the time after inoculation and the proportion of virus associated 
with the nuclear fraction. The fact that the actual amount of "nuclear virus" 
remains approximately the same although the proportion decreases, suggests 
two possible  explanations.  The first and more probable  is that as the virus 
leaves infected cells uninfected nuclei then become infected and over the time 
period involved in the experiments, the new formation of nuclear virus equals 
the loss of virus from the originaUy infected nuclei. The second is that infected 
nuclei continue to produce virus in the same way that entodermal cells of the ALAN GRAY AND T. F.  McNAIR SCOTT  483 
CAM infected with influenza virus continue to produce virus at a steady rate 
over the course of 36 hours or more (12). The latter seems improbable on histo- 
logic grounds in which the pattern  of inclusion body development shows a 
percentage decrease  in  Feulgen-positive inclusion bodies  in relation to  time 
paralleled by a  percentage increase in Feulgen-negative Lipschtitz bodies  (1, 
10). Although no quantitative comparisons are available this general pattern, 
ff applied to an individual cell, would indicate that an infected nucleus loses 
its virus soon after production and does not continue to produce more over an 
extended period of time. 
Further evidence of this nuclear location of virus is obtained from the ap- 
parent release of virus that follows disruption of the nuclei by •  NaC1.  It is 
apparent  that,  using the pock-counting technique,  an  intact nucleus would 
give rise to 1 pock even if it contained a  number of infectious units. If virus 
were actually within the nucleus,  disruption would multiply the number  of 
pocks available from one nucleus. The reported results indicate that this hap- 
pened. It is interesting that Kaplan and Melnick (13) have reported the release 
of poliomyelitis virus (Type II) from the nuclei isolated from infected mouse 
brain and state that, in their hands, 10 minutes was sufficient to release the 
virus. In our experiments exposure was never for less than 20 minutes although 
after this period of time, further exposure to M/2 NaC1 led to further release 
of virus. 
The recent demonstration by electron microscopy of virus particles within 
the nucleus of an infected cell (14,  15)  further emphasizes the association of 
the virus with the nucleus. Since the virus does not become morphologically 
complete until they possess  a  double membrane but  the forms seen in  the 
nucleus reveal only one, Morgan et al.  (15) suggest that the intranuclear par- 
ticles may be non-infectious. The present data with hypertonic NaC1  extrac- 
tion of the nuclei would indicate that at least some of the intranuclear virus 
particles are infectious. 
Real or inferred evidence for the close  association of herpes simplex with 
the nucleus of the parasitized cell has thus been found by three distinct methods; 
(a)  microscopic and histochemical (1,  10,  11);  (b)  electron microscopic (14); 
and (c) cell fractionation. 
The growth cycle of the virus of herpes simplex in chick embryo liver has 
been shown to follow the same pattern as in the chorioallantoic membrane and 
the rabbit's corneal cells. However, there is considerable variability in the time 
taken for the yolk sac-inoculated virus to get from the yolk sac into the liver. 
A brief description has been given of various fractionation procedures em- 
ployed for obtaining isolated nuclei. It has been shown that free virus is not 
selectively adsorbed to isolated nuclei. Evidence has been presented to show 484  INTRACELLULAR  LOCALIZATION  OF  HERPES  SIMPLEX 
that in the herpes-infected chick embryo liver, large proportions of the total 
virus can at times be found associated with the nuclear fraction. The percentage 
of the total virus in the nuclear fraction varies inversely with the titer of virus 
in the whole liver, and the number of hours after inoculation of the virus; only 
a negligible amount (as compared with that in the total) being associated with 
the nuclear fraction when a  period  of over 12  hours has elapsed  after reap- 
pearance of virus. Furthermore, demonstration of virus in the isolated nuclei 
following extraction with hypertonic NaC1 provides additional evidence that 
this virus is intimately associated with the nuclei. 
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